We show that firms' natural hedges (e.g., export revenues) and banks' foreign currency (FX) liabilities strongly dollarize credits. In particular, banks' non-core FX liabilities (e.g., syndications) in average feed credit dollarization almost three times more than their core FX liabilities (e.g., deposits). More importantly, these channels are affected differently by local and global macroeconomic conditions.
Non-Technical Summary
Dollarization of credits is a vital financial stability concern in many emerging economies that is mainly driven by firm and bank tendencies. Relying on their natural hedges (e.g., export revenues), firms prefer FX credits due to their lower cost advantages and longer-term maturity availability. Dollarization of bank liabilities, on the other hand, either via non-core FX liability channel (e.g., FX syndications) or via core FX liability channel (e.g., FX deposits) induces them to transfer the FX risk to borrowers. Using a rich micro data from Turkey, we study how strongly these three channels dollarize firm-bank credits and how they are affected by local and global macroeconomic conditions in this paper.
We find that both firm natural hedges and bank FX liabilities derive credit dollarization strongly. When we decompose banks' total FX liabilities into core and non-core liabilities, we find that banks' non-core FX liabilities in average feed credit dollarization almost three times more than their core FX liabilities. Differences in the maturity structure between the two sources (e.g., the average maturity of FX deposits is significantly lower than FX syndications) could be one explanation for this result. We also show that the impact of these channels varies depending on the local and global macroeconomic conditions. An increase in the effective Fed funds rate (e.g., tightening of the global liquidity) weakens the effect of non-core FX liability channel on credit dollarization. We also observe a weakening in both non-core FX liability and natural hedge channels during times of high exchange rate volatility in the local currency, while the core FX channels seems to gain some strength. In contrast, during times of positive GDP growth, all the three channels become stronger, although the effect of the core FX channel is moderate.
Our results provide an important insight for macroprudential policies aiming to combat credit dollarization. In particular, macroprudential policies may target disciplining deposit dollarization during times of tight global liquidity conditions and/or high exchange rate volatility in the local currency. In contrast, during times of softer global liquidity conditions and/or positive GDP growth, prudential policies can be designed to focus more on natural hedge and non-core FX liability channels.
Introduction
Dollarization of credits is a vital financial stability concern in many emerging economies. Especially during times of large currency depreciations, foreign currency (FX) liabilities of firms and banks disrupt their balance sheets and can even lead to systemic events. Despite its importance, we have very little empirical evidence on how firm and bank behaviors derive credit dollarization. In particular, firms and banks have different motivations for engaging in such a risky credit relation. Relying on their natural hedges (e.g., export revenues), firms prefer FX credits due to low cost and long-term maturity advantages. For instance, in the case of Turkey, the average interest rate for TL denominated corporate credits is usually almost three times higher than FX credits ( Figure 1 ), while FX credits' average maturity is significantly longer than TL denominated credits ( Figure 2 ). Dollarization of bank liabilities, on the other hand, either via non-core FX liability channel (e.g., FX syndications, bonds) due to the original sin phenomenon (Eichingreen et. al., 2003) or via core FX liability channel (e.g, FX deposits) induces them to transfer the FX risk to borrowers. 1 Overall, such tendencies of firms and banks determine the level dollarization of firm-bank credit relations at the equilibrium.
Using a rich micro data from Turkey, we provide empirical evidence on how these three channels, firms' natural hedges and banks' core and non-core FX liabilities, dollarize firm-bank credits in this paper. Turkey, as a major emerging economy, provides an ideal laboratory to study credit dollarization. Compare to many other emerging markets, Turkish non-financial corporates carry a relatively higher level of FX credit share ( Figure 3 ), which has been an important concern to financial stability (GFSR, 2018). 2 For the analysis, we match the Turkish Credit Registry with firm and bank financial statements. The Credit Registry provides us the currency denomination of firm-bank credit relations, while from financial statements, we observe firms' natural hedges and banks' core and non-core FX liabilities. In our main specification, we exploit the heterogeneity in firm-bank credit relations with a large set of controls and fixed effects. In a similar fashion to Khwaja and Mian (2008) , we then focus on the firms with multiple bank relations to strengthen the identification.
Our results show that both firm natural hedges and bank FX liabilities derive credit dollarization strongly. However, banks' non-core FX liabilities feed credit dollarization almost three times more than their core FX liabilities. We also show that the impact of these channels varies depending on the local and global macroeconomic conditions. An increase in the effective Fed funds rate (e.g., tightening of the global liquidity) weakens the effect of non-core FX liability channel on credit dollarization. We observe a weakening in both non-core FX liability and natural hedge channels during times of high exchange rate volatility in the local currency. In contrast, during times of positive GDP growth, all three channels become stronger, although the effect of the core FX channel is moderate. These results are robust to different identification techniques, 1 Banks' net FX open position is highly regulated and cannot exceed certain limits in many emerging economies, including Turkey. 2 It is also worth noting that during the time of this study there was not any major policy change for lending and borrowing of FX funds in Turkey. additional controls and consideration of sub-samples.
These results provide an important insight for macroprudential policies aiming to combat credit dollarization. In particular, macroprudential policies may target disciplining deposit dollarization during times of tight global liquidity conditions and/or high exchange rate volatility in the local currency. In contrast, macroprudential policies, on the other hand, may focus more on natural hedge and non-core liability channels during times of softer global liquidity conditions and/or positive GDP growth. In the next section, we present the details of our micro data. Our estimation procedure is explained in Section 3. In section 4, main research findings are presented and Section 5 concludes.
For brevity, we present only the main results in the paper, while the full set of results is available in the Appendix.
Data and Descriptive Statistics
The firm-bank level monthly Credit Registry is from the Banks Association of Turkey. The annual company balance sheets and income statements are obtained from the Central Bank of Republic of Turkey (CBRT)'s firm data base; monthly bank balance sheets and income statements come from the Banking Regulation and Supervisory Association (BRSA).
Manufacturing firms 3 with at least 10,000 TL (2,850 USD) average annual real asset value and report financial data at least two consecutive years over the sample period are kept in the analysis. Only the deposit taking banks are employed, as we would like to consider core FX (e.g., deposits) and non-core FX (e.g., syndications) liability channels separately. 4 Lastly, we take firm-bank relations that are above 1000 TL (285 USD). 5 Overall, our analysis contains an average number of 20,000 firm-bank credit relations in a given month for an unbalanced panel of 4,396 manufacturing firms with 26 major deposit banks over the period of November 2006 -December 2016. Our sample represents 71 percent of total credits granted to firms in manufacturing sector by deposit banks in Turkey over the sample period ( Table 1 ). 6 The average coverage is about 61 percent for total TL credits and 78 percent for total FX credits. Descriptions and summary statistics of key variables are reported in Table   2 , while the detailed summary statistics and descriptions of all the variables included in the analysis are available in Table A1 of the Appendix.
Estimation
Following Luca and Petrova (2007), we estimate a model of credit dollarization at firm-bank level.
The model presumes that both banks and firms are risk averse and hence, adopt a minimum variance portfolio (MVP) method in their borrowing and lending decisions. According to this, firms with natural hedges (e.g., export revenues) tend to prefer FX loans to minimize their cost of finance, while banks with FX liabilities are more inclined towards issuing FX loans in order to match the currency denomination of their assets and liabilities:
FX Credits Total Credits
The dependent variable, referred as the firm-bank level credit dollarization, is the ratio of FX credits to total credits of firm i with bank j at time t. Firm i's share of exports in total sales captures natural hedges. Bank j's FX liabilities are further decomposed into core FX (i.e., share of FX deposits in total liabilities) and non-core FX liabilities (e.g., share of FX securitizations and syndications in total liabilities).
In the main specification, besides the main variables of interest, we also control for firm, bank and firm-bank credit relation variables that are lagged for one period. 7 Time trend is captured by time fixed effects and unobserved time invariant firm-bank credit relation heterogeneity is saturated with firm-bank fixed effects. Similar to Khwaja and Mian (2008) , we re-do the main 5 This is to exclude insignificantly small or zero firm-bank credit relations, which are in total less then 0.005 percent of total firm credits in a given month. 6 The analysis covers only the TL, FX and FX indexed loans that are granted by deposit banks to manufacturing firms. Cross-border lending of foreign financial institutions to non-financial Turkish firms and non-performing loans are excluded. 7 List of key variables is presented in Table 2 , while the complete list is available in Table A1 of the Appendix.
estimates with firm-time fixed effects that identifies bank supply relying only on firms with multiple bank relations. This does not cost much to our data, as only 3 percent of our sample contains firms with single bank relations. The same idea, bank-time fixed effects, is also applied to identify firm demand, while holding bank supply constant. The robustness of our main estimates is also further tested with sub-samples, additional controls and time structure (e.g., quarterly).
We are also interested in how firm and bank tendencies may change depending on local and global macroeconomic conditions. Following the related literature 8 , we interact the aforementioned three channels with increase in the effective Fed funds rate, positive real economic growth and the level of exchange rate volatility. The effective Fed funds rate increase is a dummy variable that is equal to one for all increases above 5 basis points, otherwise zero; positive real economic growth is also a dummy variable that is equal to one for years of positive GDP growth in Turkey, otherwise zero and finally, exchange rate volatility is in levels.
Results
The main results are presented in Table 3 , where Column (1) shows the baseline results; bank FX liabilities are further decomposed into core and non-core FX liabilities in Column (2) and this specification is interacted with macroeconomic variables in columns (3)- (5) . Only the main variables of interest are presented here, while the full version is available in Table A2 of the Appendix.
According to the baseline estimates, firms' natural hedges and banks' FX liabilities significantly dollarize firm-bank credits. One standard deviation increase in firm natural hedges (in bank total FX liabilities) is associated with about 2.2 (1.5) percentage point increase in firm-bank level credit dollarization. More importantly, when we decompose banks' total FX liabilities, we find that one standard deviation increase in core FX liabilities is associated with a 0.6 percentage point increase in credit dollarization that is estimated to be almost three times more for non-core FX liabilities, 1.6 percentage point. One explanation for this result may be the differences in maturity structure between the two sources. For instance, the average maturity of FX deposits held at Turkish banks is less than 3 months, while this number is as high as 68 months for syndicated loans, obtained by Turkish banks from global financial markets. 9 Results also show that these tendencies may shift due to local and global macroeconomic conditions. In particular, an increase in the effective Fed funds rate (i.e, tightening of the global liquidity) weakens the non-core FX liability channel significantly, while the core FX liability and firm natural hedge channels do not seem to be affected much. During times of high exchange rate volatility in local currency, we observe similar trends along with a mild reduction in the natural hedge channel. Core liability channel shows some weak tendency towards strengthening during high volatility times, although it is statistically insignificant. In contrast, during time of positive growth of GDP (Column 4) , we observe a feed to credit dollarization from core and non-core FX channels, while the natural hedge channel seems to also increase, moderately.
These results are robust to different considerations. More specifically, the main model is re-estimated with firm-time fixed effects and also, with bank-time fixed effects (Table 4 ). These estimations are further repeated with sub-samples such as "at least once" (i.e., received FX credit at least once), "exported 50 percent or more" (i.e., exported more than 50 percent of the time during the sample period), "HH FX deposits only" (i.e., employing on household FX deposits only instead of total FX deposits) and finally, "quarterly" (i.e., quarterly data instead of monthly) ( Table 5 ). The baseline estimates remain mostly statistically significant and economically important across all these considerations.
Conclusions
Our results show that firms' natural hedges and banks' liability-asset matching tendencies significantly drive credit dollarization. Among bank FX liabilities, the effect of non-core FX liabilities on credit dollarizaiton appears to be almost three times larger than core FX liabilities. More importantly, these channels are adversely affected by local and global macroeconomic conditions.
During times of tight global liquidity conditions, the non-core FX channel is weakened. Similarly, besides the non-core FX channel, high exchange rate volatility in local currency also weakens the natural hedge channel. During times of positive economic growth, all three channels become stronger.
These results call upon a more focused macroprudential policy consideration to combat credit dollarization. During times of tight global liquidity conditions and/or high exchange rate volatility in local currency, macroprudential policies may focus more on disciplining deposit dollarization. During times of softer global liquidity conditions and/or positive GDP growth in the domestic economy, the focus may be diverted towards disciplining the effect of natural hedge and non-core liability channels on credit dollarization. A Export Share 0.0217*** 0.0218*** 0.0186*** 0.0228*** (0.00289) (0.00288) (0.00319) (0.00297) B FX Deposit Share 0.00369*** 0.00378*** 0.000261 0.00359*** (0.00125) (0.00125) (0.00181) (0.00132) C Non-Core FX Share 0.0131*** 0.0133*** 0.00763*** 0.0145*** (0.00144) (0.00145) (0.00194) (0.00157) A X Macro -0.000559* 0.00342** -0.00171 (0.000324) (0.00152) (0.00104) B X Macro -0.00108 0.00594*** 0.000231 (0.000779) (0.00207) (0.00251) C X Macro -0.00298*** 0.00746*** -0.00300** (0.000598) (0 Clustered by firm id. *** p<0.01, ** p<0.05, * p<0.1. Dependent variable is the share of FX credits in firm-bank outstanding credit balance. Effective Fed funds rate increase is equal to one for increases (5 bp and more), otherwise zero; Positive Real Economic Growth is equal to one for positive GDP growth, otherwise, zero and finally, Exchange Rate Volatility is in levels. "At least once FX" refers to firms that received FX credit at least once and "Exported at least 50 % or more" refers to firms that exported at least 50% or more of the time during the sample period. "Quarterly" presents the results with quarterly data.
